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Imaging System and Method 

This invention relates to a system and method for imaging the contents of 
containers. The invention more particularly concerns the imaging and 
5 detection of certain items which are hidden from view contained within the 
containers. The containers to which the invention relates will generally be 
mounted to a lorry or other vehicle, but they may also be standalone 
containers that are being carried on some other vehicle or moving platform, 
such as a train. The invention is particularly aimed at the detection of 
10 smuggled contraband through ports and across borders. 

The smuggling of contraband across borders has been going on for a great 
^ ^ many years and much effort is put in by government bodies in an attempt to 

fu eradicate the problem. As fast as ways of countering the smuggling are 

15 found, the smugglers are adapting their methods to avoid capture. Ports are 



also becoming more busy as inter state trade increases, which exacerbates 
the problem. Items such as cigarettes and alcoholic drinks are often targeted 
by the smugglers in an attempt to avoid the duty payable on such items. More 



fU recently, there has been a growth in the smuggling of illegal immigrants 

P 

?i: 20 across borders. 



Methods of detecting such contraband do exist. Sniffer dogs can be used to 
great effect in an open truck to find humans, and manual searching can be 
used to find alcoholic drinks and cigarettes. Either method is very time 
25 consuming as a truck needs to be opened to be searched, resulting in either 
long delays whilst all trucks are searched, or running a great risk of missing 
some contraband by only selecting certain trucks for searching. 

Another method used to find human cargo is to push a CO2 sensor into the 
30 container volume and measure the quantities of the gas present. A high 

reading will be taken as being suspicious, and a final manual check can then 
be carried out. This is quicker than the previous method as not every truck is 
opened, but suffers from the disadvantage that it is not appropriate for all 
container types, as some don't have an opening suitable for insertion of the 
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sensor. Again, the truck must be stationary for this to happen. The nnethod is 
also of no use against cigarettes or alcohol. 

Another method that has been recently used is to image the container using a 
5 large X-ray machine. This can provide a relatively clear picture of the 

contents of the container, but does suffer from some disadvantages. Firstly, 
current systems take a few minutes to produce a final image of the contents, 
leading to the delays discussed above. Secondly, the scanning process is 
also relatively slow, and the lorry must be stationary whilst the scanning is 
10 carried out. Thirdly, by the very nature of X-rays, there is some perceived 
danger in being excessively exposed to them, so they are not suitable for the 
^ detection of human cargo. 

a 

pj It is the object of the current invention to alleviate at least some of the 

^ 1 5 problems found with the prior art. 

p According to the present invention there is provided a system for imaging the 

^ contents of a container, the system comprising an imager arranged to receive 

B 

fU millimetre wave radiation from a reception volume through a receive antenna 

□ 

20 that itself comprises at least one receiving element, wherein, in use, the 
container is moving relative to the receive antenna, the reception volume is 
positioned such that the relative movement causes the reception volume to 
move through the container; data from the imager is recorded as the reception 
volume moves through the container, and an image of the contents of the 

25 container is built up from the recorded data. 

This invention allows the non-invasive imaging of the contents of soft sided 
containers. Millimetre wave images of people are very distinctive and can be 
readily identified by the operator. Bottles too may be distinguished, due to the 
30 absorption of the radiation by the liquid contained therein. It is not possible 
using this system to be sure of the contents of the bottle without opening the 
container, but suspicion may be aroused if bottles are observed in a container 
in which is not expected to see such bottles. The shape of the bottles may 
also give a clue as to the contents. Cigarettes are commonly stored and 



-2- 




transported in boxes of a standard size. The foil wrapping used provides a 
distinctive image at millimetre wave frequencies, and so can readily be seen 
by an operator. 



5 * In the context of this specification, soft sided containers are those containers 
having at least one side substantially made of material relatively transparent 
to electromagnetic waves in the frequency range from approximately 10 GHz 
to around 400 GHz, and references to soft-sided containers should be 
construed accordingly. A soft sided material as per this specification may 
10 therefore be physically rigid. Of course, this side could be on the top of the 
container, and act as a roof, or could make up any significant portion of the 
surface area of the container. Materials that are sufficiently transparent in the 
frequency range of interest include, but are not limited to wood, cloth, many 
types of plastic such as PVC, glass fibre, and other glass reinforced plastics. 



y 
m 
m 

15 A high proportion of containers fitted to vehicles are made of such soft 
materials. 



□ The containers primarily aimed at in this specification are the containers 

^ commonly found built into lorries or large vans. However, they may also be 

fU 20 stand-alone containers that may be moved easily between different forms of 

transport such as lorries or train carriages, or other forms of transport. 

Preferably the receiver system is stationary. 

Preferably, the receive frequency band of the system is chosen such that 
25 transmission of the electromagnetic radiation is not unduly hindered by 

atmospheric losses. Two bands that are particularly suitabJe are the Ka-band 
(26 - 40 GHz) and the W-band (75-1 10 GHz). In these bands the 
transmission through the atmosphere is better than at surrounding 
frequencies. This results in the sky appearing colder. Because much of the 
30 contrast in an image at these frequencies arises from reflection of cold sky 
seen against a warm background, the sky appearing colder causes the 
system dynamic range, and so image contrast, to be greater. Other suitable 
frequencies exist, particularly in the regions of 140GHz and 220GHz. 
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An advantage of the current invention is that the imaging process is done in 
real time. Thus, the image is built up as the container moves past the imager, 
and the image is presented to the user without there being a long delay while 
the image is processed. Therefore containers moving at their normal speeds 
within ports can be imaged without them needing to wait to get the "all-clear" 
signal The receiver can be positioned such that all trucks or other containers 
are arranged to pass through a portal, in which is mounted one or more 
receiver systems. The images produced can be scanned for any suspicious 
content and if anything worthy of further investigation is seen, the container 
can be isolated and searched, or details of it passed to a suitable authority. 

The receiver system is arranged to focus on a part of the space within the 
container volume, and the movement of the container used to provide a 
"sweep" of other parts of the container as those parts move into the focus of 
the receiving system. Preferably the relative speed between the container 
and the receiver is known. If this is not the case, images can still be formed, 
but may appear either squashed or stretched, depending on whether the 
container is moving either slower or faster than expected. Objects having a 
known aspect ratio that appear in the image, such as any wheels that may be 
present on the container, can be used to re-scale the image back to the 
proper ratio. This is done by post-distorting the image such that the chosen 
item - such as a wheel - is back to the its correct shape. The rest of the 
image will then have the correct aspect ratio. 

If the speed of the container past the system is known, then this speed can be 
input to the image generation software and used to scale the image 
appropriately. Alternatively, the speed can be controlled, either with speed 
restriction notices or by using some sort of conveyor system. This speed will 
then be taken into account when producing the final image. 

The millimetre wave receiving system employed in the current invention is 
passive, in the sense that no radiation needs to be transmitted towards the 
target to produce an image. The resolution obtainable by the receiving 
system is limited by the wavelength of the radiation being picked up by 



receive elements within the receiver. Shorter wavelength radiation therefore 
can produce a more detailed image, but at the cost of having a smaller solid 
angle of view for each receiver element. 

5 The resolution obtainable with the system is also determined by its exact 
configuration. The receiver system may comprise a set of one or more 
receiving elements, each of which record data from an elemental volume, 
whereby the contributions from each element are combined to form an image. 
Each element comprises a receive antenna that provides an electrical signal. 
10 This signal may then be amplified and/or downconverted before being 
detected using standard techniques for the frequencies concerned. The 
detected signal is fed into a signal processing system that is able to process 
this data to produce an image representative of the contents of the container. 



^ 15 Preferably, the receiver system comprises a scanning system, allowing the 
^ elemental volume seen by each receiving element to be swept across a 

B region, allowing for fewer receiving elements to be employed within a receiver, 

2 and a greater total volume of the container to be imaged. The scanning 

p system may be electronic or mechanical. The volume as seen by a receiver 

Ri 

□ 20 in focus is known as the reception volume. This is the summation of the 

ru 

elemental volumes. For a scanned system, the reception volume is that 
volume scanned by the summation of the elemental volumes over a single 
scan period. If more than one receiver element is employed in the system, 
then preferably they are arranged such that each receive radiation from 
25 different parts of the reception volume. In this way, the reception volume may 
be increased by increasing the number of receiver elements. 

The reception volume may also be increased by increasing the effective depth 
of field of the receiver system. One way of doing this is to provide additional 
30 layers of receiving elements within the receiver that have their optimal point of 
focus offset by some distance from the first layer. The first layer will be 
arranged, given the characteristics of the scanning system, to be in the focus 
of millimetre wave radiation emanating from some plane. One or more 
additional layers may be arranged to receive radiation from different planes to 
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that of the first layer. These additional layers can contain one or more 
receiving elements. A second, or further layers, will mean that at all but the 
foremost layer will be partially obscured by the other layer(s) of elements, and 
their supporting electronic and mechanical systems, that lie in the optical 
5 path. This puts a practical limit on the number of layers that can be used to 
increase the effective volume of the reception volume since, as would be 
appreciated by a person skilled in the art, it is good practice to have no more 
than 10% obscuration of the incoming optical beam. 

It is acceptable, for systems that incorporate a scanning mechanism, to have 
areas in the scan pattern from which no radiatioFi can be received and hence 
no image data taken. This is because the movement of the container relative 
to the measurement system provides that the items in the container that are in 
this area during one cycle of the scanner system will be in the reception 
volume in some future cycle. If the scan is a conical, then for a single 
receiving element the reception volume will resemble a toroid. 

Whilst image data is being taken, the container will be moving relative to the 
scanner, as mentioned above. Preferably, the reception volume is arranged to 
lie in the container in a manner that uses the movement of the container to 
maximise the total swept volume 

The portal may be arranged so that the container can be imaged on more 
than one side simultaneously. A plurality of receiver systems can be mounted 
25 to image the container from different viewpoints, and could be arranged to 
provide separate images, or the images could be combined into one or more 
composite images. For example, a portal may comprise of a gate through 
which a containerised lorry passes. On each side of the gate there may be 
mounted a receiving system of the type herein described. One may also be 
30 mounted above the gate and arranged to look down on to the container. In 
one possible implementation, the reception volumes of each of these 
receivers are arranged so as to not overlap with each other. Thus the 
combined reception volume from all receiver systems is maximised, ensuring 
that more of the contents of the container can be visualised. However some of 
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the objects inside the container to be imaged may be obscured by non- 
transparent objects to one side or above them, and so there is an advantage 
to be gained by having each receiving system imaging as much of the volume 
in the container by itself in order to minimise the probability that an object 
5 cannot be imaged. In this case, the reception volumes from the different 
receivers would overlap each other, providing differing views of the same 
image space. 

The raw image data from each of the receiver systems can be viewed by an 

10 operator, or the images can be fed into an image processing circuit that can 

provide some anaiysis of the image. For example, image recognition software 

p may be employed that can recognise certain elements that are present in the 

D image data, based on pre-stored image data from items that are of interest to 

lii . . 

the operators of the system. These pre-stored images may be correlated with 

5 15 the live image using known techniques to aid the automatic recognition 



20 Images from a plurality of receiver systems, and hence a plurality of reception 



volumes can be combined to improve the information content within the 
viewed image. A single receiver system sees a given part of the container 
from a series of different angles as thjat part of the container moves through 
the reception volume. This additional information can be used to provide 

25 enhanced images. For example, different images, equating to views from 
different angles of the container volume can be produced, and these images 
displayed in sequence to the user to give a view around objects. 
Advantageously, different images of the container can be presented to each 
eye of the user, allowing him to see a stereoscopic view of the container 

30 contents. The stereo images can be viewed using the standard techniques, 
such as red/green spectacles, horizontal/vertical polarisation spectacles, or 
splitting the field of view, such that one eye can only see one image and the 
other eye can only see the other one. Preferably, data from a plurality of 
receiver systems is combined to produce the image or images. - 



D 



process. The image recognition software may highlight on the raw display 
areas where it has detected potential items of interest. An alarm may be 
triggered to draw the user's attention if items of interest are found. 




-7- 



□ 



Consideration needs to be given to selecting certain system parameters to 
ensure satisfactory performance of the system. 

5 The system resolution, or spot size, should be chosen so that enough detail of 
the expected contraband can be seen. The resolution of the system is 
determined by the frequency band of operation, and by the antenna size. At 
Ka or W-band, resolution better than 200mm, such as better than 100mm, 
such as better than 50mm, such as better than 20 mm may be obtained in a 
10 practical system. Having finer resolution improves the images but requires 
more receiver elements and more signal processing power. 



According to another aspect of the invention there is provided a method of 
imaging the contents of a container where the container is moving relative to a 
^ 15 receive antenna of the imaging system, characterised by: 
£ arranging an imager to receive millimetre wave radiation from a 

p reception volume through the receive antenna that comprises at least one 

^ receiving element; 

ry positioning the reception volume such that the relative movement 

'pi 20 causes the reception volume to move through the container; 

recording data from the imager as the reception volume is moved 
through the container; 

compiling an image of the contents of the container from the data. 

25 Embodiments of the present invention will now be described, as applied to the 
detection of contraband in a containerised lorry, by way of example only, with 
reference to the following illustrative drawings, in which:- 

Figure 1 diagrammatically illustrates a lorry passing through a portal and 
30 being scanned by millimetre wave receivers; 

Figure 2 diagrammatically illustrates one type of receiver system that may be 
used; 
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Figure 3 diagrammatically illustrates a second receiver architecture that may 
be used; 

Figure 4 diagrammatically illustrates a detailed view of such a receiver being 
5 used; 

Figure 5 diagrammatically illustrates how the volume in the container may be 
more effectively imaged using a scanned receiver. 

10 Figure 6 diagrammatically illustrates a third receiver architecture that may be 
used; 

Figure 7 diagrammatically illustrates the use of multiple focus techniques to 
increase the depth of field seen by the receiver. 



rtJ 15 



IM 20 
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Figure 8 diagrammatically illustrates how three dimensional information can 
be recorded with the current invention. 

Figures 9, 10 and 1 1 show some typical images that are obtainable 



Figure 1 shows a containerised lorry (1) passing through a portal (2) which 
has been fitted with passive millimetre wave receivers (3) according to the 
current invention. Two receiver systems are shown, one (3b) looking into the 
25 side of the lorry's container (4), and the other (3a) looking through roof of the 
container (4). A third may be fitted to look through the other side, but this is 
not shown. 

A portal (2) such as the one shown provides a convenient means of checking 
30 the lorries coming from, for example, a port, as there is no need for the lorry to 
stop whilst it is being checked. 

One option for a receiver configuration suitable for implementing the current 
invention is illustrated in Figure 2. This shows the scan pattern that would be 
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produced by having a linear array of receiving elements each receiving from 
an elemental volume (e.g. 5), and the combined elemental volumes making 
up the reception volume (6). If enough receiving elements were used, then 
the full height of the container (4) can be viewed, and as the lorry drives 
5 forward the reception volume (6) gets to do a sweep along the length of the 
container (4). The resolution of the system is directly related to the "spot" 
size, defined as the diameter of the half-power beamwidth of the optics point 
spread function in the plane of focus in the container. Decreasing the spot 
size allows better quality images, with a finer pixel size, but means increasing 
1 0 the number of receiving elements, which adds to the system cost. 

}^ An alternative receiver configuration is indicated in Figure 3. This shows the 

Q result of taking a small linear array of the type shown in Figure 1 and 

Q 

bj mechanically or electronically scanning each of the elements' field of views (5) 

hi 

15 to provide a greater area of coverage (18). This leads to a greater reception 

'lO volume (19). The scan pattern can be anything suitable, such as raster scan 

5 or, as shown in the figure, a conical scan pattern. By scanning the available 

P receiving elements across a wider area in the manner shown the number of 

Q receiving elements needed is reduced. A conical scan needs half as many 

rii 

g 20 elements as the straight linear scan to cover the same height, which reduces 
the system cost. However, more complex image processing is needed on the 
receiver outputs before an image can generated, and the scanning system 
itself will add complexity. A conical scan such as this however allows the 
container contents to be viewed from different angles as the contents pass 
25 through different parts of the reception volurne. A suitable scanning receiver 
system for this, which uses a mechanical conical scanning -mechanism is 
described in an earlier patent application (publication number WOOO/1 4587), 
the contents of which are hereby included by reference. 

30 Figure 4 shows a sectional view of such a receiver system. It comprises a 
rotatable reflective plate (7) having an axis of rotation passing through the 
centre of its surface and a lens arrangement (8) for selectively transmitting 
and focusing radiation having a particular direction of polarisation. 
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The lens arrangement (8) comprises a first polarising element (9) having a 
substantially flat surface, a second element (10) for rotating the direction of 
polarisation of radiation through substantially 45^ and a third polarising 
element (11) having a substantially spherical surface having a centre of 
5 curvature, C, and having a radius of curvature of R, wherein the third 

polarisation axis makes an angle of substantially 45° with the first polarisation 
axis. The axis of rotation of the plate (7) passes through the centre of 
curvature, C, and the separation of the first polarising element (9) and the 
centre of curvature, C, along the axis of rotation and the separation between 
10 the first polarising element (9) and the plate (7) along the axis of rotation are 
substantially equal. The apparatus also comprises at least one receive 
element in the form of a feed horn (16) and may comprise a plurality of feed 
0 horns (14) so as to form an array( 13), the feed horns (14) fom,ing part of a 

\jj spherical surface having a radius of curvature substantially equal to R/2 and 

pi 

^ 15 being concentric with the third substantially spherical polarising element. The 
5 apparatus may further comprise at least one detector element (1 5), or an 

u array of such detector elements (17). Alternatively, the detector elements (15) 

r! may be mounted remotely to the apparatus, and connected thereto by suitable 

O connectors. The apparatus provides the advantage that optical aberrations in 

fU 

Q 20 the image formed at the detector array (12) are minimised. 

ru • . 

It is apparent from Figure 3 that the reception volume (19) - resulting from the 
field of view and depth of field in the system - in the scanned system is much 
wider than in the linear array. This width can be used to further advantage 

25 Figure 5a shows a plan view of a scanning receiver (3) that is looking into the 
side of a container (4). The reception volume (19) is shown occupying a 
portion of the container (4). As the container (4) moves, the reception volume 
(19) will be swept down the length of the container, so scanning those parts in 
its path. However, in this example a large portion of the container (4) does 

30 not get scanned. If the axis (20) of the receiver (-1 9) is offset from the normal 
to the direction of movement of the container (4), this will have the effect of 
skewing the reception volume (19) as shown in Figure 5b. The reception 
volume (19) will then have parts that extend further into the container (4) as 
compared to the arrangement of Figure 5a. Radiation received from these 
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parts of course contribute to the overall image data set obtained from the 
container (4) so that, as the lorry passes, a much greater volume (proportional 
to y/x) of the container (4) can be scanned, leading to a greater likelihood of 
detecting the presence of contraband. 

5 

A further embodiment of a receiver particularly suitable for carrying out the 

current invention is shown in Figure 6. This receiver has at least one 

receiving element that is scanned in a conical pattern. The height of the 

reception volume (19) is preferably arranged to be similar to the height of the 

10 container (4) being scanned. It can be seen from the Figure that there is a 

''blind'' space (23), from where no energy will enter the receiving elements. If 

1^ the container (4) were to remain stationary then this blind space (23) could 

Q never be imaged. But, as the container is moving, items within this blind 

hi space (23) will eventually pass into the scanned region and so be imaged, 

ry * ■ ■ 

^. 15 . The particular embodiment allows for a much greater effective reception 

volume (19) for a given number of receive elements, giving scope for making 

the height of the reception volume (19) the same as the height of the 

container (4) being examined. In this case, as the lorry moves past the 

receiver, radiation from the whole side of the container (4) will be imaged. 



H - 
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There are constraints that need to be imposed on such a system if it is to work 
well. The relationship between the speed of the passing lorry and the 
scanning speed need to be such that all parts of the container are sampled 
sufficiently for a satisfactory image to be produced. To avoid slowing the 

25 lorries down as they pass the receiver, the scan speed of the receiver can be 
increased. However, if the speed is increased too much then the dwell time 
of the receiving element on a given portion of the container volume may be 
too small to allow an adequate signal to noise ratio, and hence prevent 
adequate imaging to take place. A solution to this problem is shown in the 

30 figure. Placing a plurality of receiving elements along the same axis as the 
lorry's direction of travel allows the rotation speed of the scanner to be 
reduced without sacrificing image quality. 
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The latter embodiment results in the fewest total number of receivers for a 
given system, but more processing of the received signals is necessary in 
order to build up a complete image. 



5 For example, using the system illustrated in Figure 3, a single scan takes data 
from the whole of the reception volume, which is then processed to form an 
image of the reception volume. Where parts of the container volume are 
scanned more than once, the additional data from the extra scans can be 
used to improve the image for those parts of the container. The system as 
10 illustrated in Figure 6 cannot build up a complete image in a single scan, , due 
to the unscanned volume that exists during a single scan operation. The 
image is instead built up in an unconventional manner, with parts of the data 



□ 

Q from a first scan cycle stored in digital memory whilst subsequent scans 

m 
m 15 

iO The scan speed must also be slow enough for the scanning system to be 



produce data to fill the gap in the image. 



practicable from the mechanical viewpoint.. An approximate guide, or rule of 
O thumb, that ensures this is satisfied on current embodiments is to keep the 

D product of the frame rate (i.e. the inverse of the rotation time) and the scan 

^ 20 aperture not greater than 15 ms'\ Images can still be produced if this figure is 
fy exceeded, but may be of a lesser quality. 

System parameters have been calculated based on the three embodiments 
discussed above, using the following assumptions: 

25 

Antenna temperature 290K worst case; 
Receiver noise temperature 400K; 
Receiver bandwidth 14GHz; (to detector) 
Optics transmission would be 0.5; 
30 Speed of container relative to antenna: 20mph; 

Container dimensions 3.4m tall by 2.5m wide. The length is of course not 
relevant, as longer containers will simply result in a wider image; 
container to pass through a portal having one receiver antenna on each side 
of the portal and one on top; 
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Portal at 5m range from focussed position (typically centre of container); 
Ka (30GHz) and W (90GHz) bands considered; 
20mm, 50mm and 100mm spot size evaluated; 

Frame rate adjusted on the embodiment of Figure 6 by increasing receiver 
numbers to allow mechanical feasibility. 



Using a linear array of the type shown in Figure 2 gives 



□ 
Q 
Ui 

m 



D 

fd 10 

6 



Desired 
spot size 
/mm 


Frequency 
/GHz 


Aperture 
/m 


No of 

Receiver 
elements 


Thermal 

sensitivity 

/K 


20 


90 


1.G1 




0.35 


50 


90 


0.40 


372 


0.22 


100 


90 


0.20 


186 


0.16 


20 


30 


2.78 


930 


0.35 


50 


30 


1.11 


372 


0.22 


100 


30 


0.56 


186 


0.16 



Table 1 



Using the scanned system as illustrated in Figure 3 gives: 



Spot 


Frequency 


Side 


Top 


Aperture 


No of 


Side 


Top 


size 


/GHz 


frame 


frame 


/m 


Receiver 


Thermal 


Thermal 


/mm 




rate /Hz 


rate /Hz 




elements 


sensitivity 


sensitivity 














/K 


/K 


20 


90 


5.3 


7.1 


1.01 


465 


0.62 


0.62 


50 


90 


5.3 


7.1 


0.40 


186 


0.39 


0.39 


100 


90 


5.3 


7.1 


0.20 


93 


0.28 


0.28 


20 


30 


5.3 


7.1 


2.78 


465 


0.62 


0.62 


50 


30 


5.3 


7.1 


1.11 


186 


0.39 


0.39 


100 


30 


5.3 


7.1 


0.56 


93 


0.28 


0.28 



Table 2 
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Using the scanned system as illustrated in Figure 6 gives: 



Spot size 


Frequency 


Side 


Aperture 


Rx per 


Total no. of 


Side 


Top 


/mm 


/GHz 


frame 


/m 


array 


Receiver 


Thermal 


Thermal 






rate /Hz 






elements 


sensitivity 


sensitivity 














/K 


/K 


20 


90 


14.9 


1.01 


60 


180 


1.48 


1.26 


50 


90 


35.7 


0.40 


10 


30 


1.45 


1.24 


100 


90 


59.5 


0.20 


3 


9 


1.32 


1.13 


20 


30 


5.4 


2.78 


166 


498 


0.89 


0.76 


50 


30 


13.2 


1.11 


27 


81 


0.88 


0.75 


100 


30 


25.5 


0.56 


7 


Z 1 


G.86 


0.74 



Table 3 



In these tables, the spot size is the half power beamwidth of the antenna 
system, as measured at the focal distance, the top and side frame rates are 
rotation rates of the scan mechanism for the antennas looking into the top of 
the container and looking into the side of the container respectively. The 
aperture is the optical aperture of the antenna system. The thermal sensitivity 
is the system noise level. 

It can be seen that the latter embodiment uses the least number of receiver 
elements in most cases, thus in general will be preferred in terms of cost. 
Noise performance, although not as good as the other systems, is 
satisfactory, as the contrast in a lorry container has been measured, and is of 
the order 60K, giving a signal to noise ratio of 16-19dB or so. 

The depth of field (DOF) obtainable by these systems again varies according 
to desired resolution and frequency of operation. If s is the spot size and A is 
the operating wavelength, from diffraction theory, 
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In practice the useable DOF without unduly compromising image quality is 
around four times greater than that predicted by the above equation. In many 
circumstances the DOF may be such that not all of the inside of the container 
is visible, even when viewed from both sides and from above. To counter this, 
5 an embodiment shown in Figure 7 has two layers of receivers (21 ,22) 
arranged at different focal positions within the receiver system. Thus, two 
different distances (21 \ 22') will be in focus at any one time, and twice the 
volume of the container (4) can be seen at any one time. Although shown on a 
scanning receiver, the method is equally applicable to a fixed view receiver 
10 such as that shown in Figure 2. 

For satisfactory imaging, there is a limitation on the speed at which the 

container can pass the receiver. The speed should be sufficiently low such 

that successive cycles of the scan system can sample the radiation at a 

m 15 suitable rate, so that all gaps - if any - in the scan pattern during one cycle are 

^ sampled during further (or previous) scan cycles. Given a spot size s (half- 

^ power antenna beamwidth), a scan rate F, an array of a? receive elements 

^ along the direction of movement and a vehicle speed c/, then 

P ■ • 1 

—<ns/2u 

□ F . 

^20 

to ensure sufficient sampling to meet the Nyquist criteria. It will be seen that 
adding more receiving elements to form a linear array along the axis of the 
movement of travel will ease the restrictions on the vehicle speed and also the 
scan cycle time. 

25 

The integration time must also be sufficient to give an adequate signal to 
noise ratio. The integration time is given by (for a conical scan pattern) 

_ s 
^ ~ 2,7tMF 

for a receive system looking over a conical scan pattern of height (i.e. 
30 diameter) H in the plane of focus in the container. 

The system thermal sensitivity will be given by 
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where Ta is the anlenna temperature, Tr is the receiver noise temperature, ^ 
5 is the receiver bandwidth and rj is the transmission efficiency of the optics. 

Using assumptions given above, namely, an antenna temperature of order 
290K worst case, receiver noise temperature of 400K, a bandwidth of 14GHz, 
and a value for the optics transmission of 0.5, then 
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2 The scanned embodiments have an angular field of view across which an 

^ 15 image is formed. As items move across this field of view, multiple samples of 

Q 

^ the items are taken. This leads to the ability to create images that may be 



presented to the user or to an image processing system that comprise views 



w of the container contents from different angles. Figure 8 shows this in more 

detail. The lower portion of the Figure shows a plan view of a scanning 

20 receiver (3) receiving data from a reception volume (19) at different times 
corresponding to the different positions of a frame (24) passing through the 
^ reception volume (19). The upper portion shows the perspective view of the 
frame (24) as it would be seen from the receiver (3). The frame (24) enters 
the reception volume (19) from one side (position a) due to- the movement of 

25 the container. The perspective view shows that the left side of the frame is 
first seen by the system. As the frame (24) passes through the reception 
volume (19) it is seen from different angles as shown (positions b and c). The 
embodiment of Figure 6 may not show a complete view of the frame (24) in 
position b, as parts of the frame may be in a blind area of the scanner. Views 

30 a and c will be seen however. The multiple views provide extra information 
that may be used to help identify the container contents. The user can switch 
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to whatever view he thinks will be clearest. The contents can even be viewed 
stereoscopically, to provide a three dimensional image to the user. Here, the 
term stereoscopic encompasses any means of display wherein differing views 
of a scene are presented to each eye, such that some perception of depth 
5 may be represented to the viewer. Such visualisation methods include 

providing image pairs, each image of the pair being in some way orthogonal 
with respect to the other in terms of light polarisation, colour, etc., and 
providing the user with glasses that pass respective images to each eye. 
Other visualisation methods exist that are suitable for use in the present 
10 invention. 

u 

O Figures 9 to 1 1 show some examples of images that can be obtained in 

O 

y accordance with the current invention. Figure 9 shows a lorry (25) 

^ photographed in normal light. The side of the container (4) on the lorry is 

^ 15 made of plastic sheeting. Inset into this is an image taken using a system 
7^ setup as per the embodiment shown in Figure 3. Three people (29) can 

p readily be identified, as can the cans of drink. 

Q 

lU 

Q Figure 10 shows three images taken using the embodiment shown in Figure 

ry 20 3. In a) some cigarette cartons (26) can be seen towards the right of the 
picture, with the detail of these shown at b). c) shows another image with 
cans (27), cigarette cartons (26) and bottles (28) in view. Although it is 
sometimes not very clear what the images represent, the skilled observer will 
be more familiar with interpreting the images and will have a better idea as to 
25 what to look for. 

Figure 1 1 shows various objects in a container viewed with a system 
according to the embodiment shown in Figure 6. People (29) are clearly 
visible, and other objects can also be seen. 



30 



The skilled person will be aware that other embodiments within the scope of 
the invention may be envisaged, and thus the invention should not be limited 
to the embodiments as herein described. 
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